The large scale of China's photovoltaic (PV) industry and the great policy support by the Chinese government make it necessary to scientifically evaluate PV industry policy. This study designed an evaluation framework for China's PV industry policy from four dimensions (policy measure, policy type, policy strength, and policy issuing department) to categorize and quantify China's 307 PV industry policies from 1994 to 2016. Furthermore, the historical evolution and realistic effect of the policies on the PV industry in China were examined. The results show that, currently, grid support, operation specification, and operation supervision are the main policy measures, while a low-level notice is the main type of policy. The policy issued strength is generally low. The enforcement strength of regional policy presents descending trend from the northern to the southern provinces, and a similar trend from coastal provinces to inland provinces. The policy for grid support, operation specification, and technical specification has had the best effect. The most effective policy types are the sector-specific notices and announcements, and the best policy-issuing department is the National Energy Administration. In terms of policy strength, the policy for grid support, operation specification, and operation supervision has had a positive correlation with the development of the industry, although it did not achieve its desired effect.
Introduction
Solar energy is a renewable power source that is an ideal replacement for fossil fuels in the future. In recent years, the solar photovoltaic (PV) market has grown rapidly around the world. According to the data from the International Energy Agency, the average annual growth rate of PV power generation exceeded 40% from 2006 to 2016 [1] . By the end of 2016, the new PV installed capacity reached 75 GW globally, and the cumulative PV installed capacity increased to 303 GW [1] . In China, the PV industry started in 2004. The cumulative PV installed capacity grew from 850 MW in 2010 to 78,070 MW in 2016, and the newly-installed capacity in 2016 was 34,540 MW [2] ; consequently, China's cumulative and new installed capacity are ranked first in the world [2] . Since 2004, the Chinese government has paid much attention to the development of China's PV industry, and has issued relevant industrial policy from the multiple perspectives of financial subsidies, tax incentives, technical support and grid service to encourage and support the solar PV industry. Now, the scale of China's PV industry is leading the world, and the government still strongly supports the further development of this industry. While many problems restrict the development of the industry, the main performance obstacles are a lack of a clear borders between the government and the market and industrial regulation failure [3] [4] [5] ; difficulties in grid connection, coordination, and planning problems between PV power generation and power grid construction [5] [6] [7] ; lack of independent innovation capability and core technology [5, 6] , and a lag in technical standards [8] [9] [10] [11] ;
A total of 307 PV industry policies were selected for evaluation (Appendix B). 173 regional policies are included. These were organized and quantified according to promulgation time, promulgation department, policy type, legal validity and policy measures. Since the research objective was the policy variable, the content validity of the final policy quantification can be guaranteed.
Policy Measure
According to the difference of the Chinese government's roles in the PV industry policy, the PV industry policy measures were divided into four types: guidance policy measures, supporting policy measures, specification policy measures, and supervision policy measures (hereinafter referred to as guidance measures, supporting measures, specification measures, and supervision measures, respectively). These four aspects encompass a total of 14 small groups as shown in Figure 1 . We used the binary method to code the virtual variables for the policy measure dimension. If a policy adopted a policy measure, the value of the corresponding variable was assigned a value of 1; otherwise, it was assigned 0. Considering that a single policy may have adopted a variety of policy measures, each policy measure involved in the policy was assigned a value of 1, while other variables that were not involved were assigned a value of 0. objective was the policy variable, the content validity of the final policy quantification can be guaranteed.
According to the difference of the Chinese government's roles in the PV industry policy, the PV industry policy measures were divided into four types: guidance policy measures, supporting policy measures, specification policy measures, and supervision policy measures (hereinafter referred to as guidance measures, supporting measures, specification measures, and supervision measures, respectively). These four aspects encompass a total of 14 small groups as shown in Figure 1 . We used the binary method to code the virtual variables for the policy measure dimension. If a policy adopted a policy measure, the value of the corresponding variable was assigned a value of 1; otherwise, it was assigned 0. Considering that a single policy may have adopted a variety of policy measures, each policy measure involved in the policy was assigned a value of 1, while other variables that were not involved were assigned a value of 0. 
Policy Type
Although laws and policies are different, they are interrelated. Policy and law both have an impact on the development of the photovoltaic industry, but the impact efforts and angles are different. Therefore, in this dimension, the law is incorporated into the research as a formalized and standardized policy form. We referred to Peng et al. [29] when quantifying the types of technological innovation policies. The paper adopts the five-level rating assignment method for the policy type of photovoltaic industry based on the different administrative power structure of the policy enacting department. The scoring standard is: (5) laws promulgated by the National People's Congress and its Standing Committee ("Laws" for short); (4) regulations issued by the State Council and the orders of Ministries ("Regulations and Orders" for short); (3) interim regulations, decisions, opinions, and rules promulgated by the State Council, as well as the regulations, rules, and decisions of Ministries ("Opinions and Rules" for short); (2) opinions, outlines, planning, measures, and interim provisions ("Measures" for short); and (1) notices.
In our classification, the higher the level of the policy type, the higher its corresponding score. Considering that a policy might have been jointly issued by a number of departments, the score was calculated based on the best match between the issuing department and policy type. 
In our classification, the higher the level of the policy type, the higher its corresponding score. Considering that a policy might have been jointly issued by a number of departments, the score was calculated based on the best match between the issuing department and policy type.
Policy Strength
The policy strength dimension refers to the ideas of Wang et al. (2016) [30] about establishing a standard for policy strength. We scored the PV industry policies according to implementation strength. According to differences in the level of detail and implementation strength of the 14 policy measures that were examined, we used a five-grade scoring method for each policy. The more detailed policy measures and those with greater implementation strength were assigned higher scores (Appendix A). The table in Appendix A was compiled by a professor who had studied the photovoltaic industry. Each policy was evaluated by three experts who independently scored the policies according to the table in Appendix A. When scoring was completed, the experts comparison-tested the results. Finally, the results were collated by two graduate students.
Policy strength has a specific time continuity. The policy measures not only affect the PV industry in the year of promulgation, but accumulate in their effect over time until they are repealed. We drew on Peng et al. [29] and classified the strength of PV industry policy on the basis of "issued" strength (Equation (1)) and "enforcement" strength (Equation (2)). In Equation (1), RP i represents the issued strength of the photovoltaic industry policy in year i, while in Equation (2) AP i represents the enforcement strength of the PV industry policy in year i. In both equations, i represents the year (i ∈ postive real number set R + ) and j represents the PV industry policy (j ∈ R + ), A ij represents the policy strength of the PV industry policy j issued in year i (A ij ∈ { 1, 2, 3, 4, 5}), B ij represents the corresponding value of the policy type of PV industry policy j which is issued in year i (B ij ∈ R + ), and N i represents the number of PV industry policies issued in year i:
(1)
Policy Issuing Department
Many departments are involved in the study of the PV industry policy, and there are subordinate relations and historical evolution problems between departments. These factors increase the difficulties of researching the policy departments of China's PV industry. We considered the departments that still existed in 2016. Since the State Council (SC) and the National Development and Reform Commission (NDRC) are the authorities of PV policy, the National Energy Administration (NEA) is the sector that issued the largest number of the PV industry policies. We chose only these three representative departments for issuing of PV industry policy. The remaining departments as other departments, and it has no specific number differences in other departments (OD). As for other dimensions, we used a binary method (0 or 1) for assigning virtual variables for the policy issuing department dimension. Considering the policies may be jointly promulgated by multiple departments, each department involved in issuing a policy was assigned a value of 1, and the other departments that were not involved in the policy were assigned a value of 0.
Data Resource
In order to test the effect of PV industry policy on industrial development, we made a regression analysis to the four dimensions (policy measures, policy types, policy strength, and policy issuing department). The policy data came from the 307 PV industry policies that were quantified as described in Section 3.1. Typically, the installed capacity and generating capacity of renewable energy sources are used to evaluate the effect of renewable energy policies [34, 35] . We chose the new PV installed capacity as the index of the effect of PV industry, and the original data were first processed using a logarithm so as to avoid the interference caused by the original data units and the difference of magnitude in the original data. The new PV installed capacity data were obtained from the BP Statistical Review of World Energy 2017 [2] .
Results

Evolution of Policy Measures
As shown in Figure 2 , the five most important contributions to the enforcement strength intensity of policy measures for the national PV industry are government incentive, grid support, operation supervision, technical support, and fiscal support. In the early stage of China's PV industry, the government mainly issued incentive policies and gave technical supports to enhance the innovation capacity and provide "soft" power for the development of the industry. The government continues to provide substantial financial and tax support for the PV industry, which are important forces to stimulate the development of the industry.
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Results
Evolution of Policy Measures
As shown in Figure 2 , the five most important contributions to the enforcement strength intensity of policy measures for the national PV industry are government incentive, grid support, operation supervision, technical support, and fiscal support. In the early stage of China's PV industry, the government mainly issued incentive policies and gave technical supports to enhance the innovation capacity and provide "soft" power for the development of the industry. The government continues to provide substantial financial and tax support for the PV industry, which are important forces to stimulate the development of the industry. Since the promulgation of the 'renewable energy law' in 2005, the Chinese government has gradually realized the urgency of solving the grid connection problem in China's PV industry. Then it issued a series of policy measures to solve the problem. In 2011, the NDRC issued a 'Notice on improving the feed-in tariff policy of solar photovoltaic power generation'. The NDRC made a unified national solar photovoltaic benchmark tariff, which has had landmark significance for domestic PV applications. In 2013, the SC issued 'Opinions on promoting the healthy development of photovoltaic industry', which resulted in some policy measures to further support the applications of PV power generation in terms of price, tax, subsidies, grid connection and other aspects. The grid problem has been alleviated to some extent, but a complete solution to this problem is still far away.
In addition, with the rapid development of the PV industry, non-standard operation in the industry gradually emerged, such as overcapacity in the polysilicon industry, the serious phenomenon of abandoning light and power in some areas, and the disorderly operation of PV power stations. These problems still restrict the development of the PV industry. Therefore, policy measures of the Chinese government mainly focus on the operation specification and supervision of the PV industry that have developed in recent years.
In terms of regional policy measures, the five most important contributions to the enforcement strength intensity of policy measures for the regional PV industry are government incentive, fiscal support, financial support, grid support, and technical specification ( Figure 3 ). Regional PV policy can be promulgated later. Similar to the national-level PV policy, the regional policies put more emphasis on government incentive, fiscal support policy to promote the development of the PV industry. Regional governments pay more attention to the photovoltaic power grid problem, which Since the promulgation of the 'renewable energy law' in 2005, the Chinese government has gradually realized the urgency of solving the grid connection problem in China's PV industry. Then it issued a series of policy measures to solve the problem. In 2011, the NDRC issued a 'Notice on improving the feed-in tariff policy of solar photovoltaic power generation'. The NDRC made a unified national solar photovoltaic benchmark tariff, which has had landmark significance for domestic PV applications. In 2013, the SC issued 'Opinions on promoting the healthy development of photovoltaic industry', which resulted in some policy measures to further support the applications of PV power generation in terms of price, tax, subsidies, grid connection and other aspects. The grid problem has been alleviated to some extent, but a complete solution to this problem is still far away.
In terms of regional policy measures, the five most important contributions to the enforcement strength intensity of policy measures for the regional PV industry are government incentive, fiscal support, financial support, grid support, and technical specification ( Figure 3 ). Regional PV policy can be promulgated later. Similar to the national-level PV policy, the regional policies put more emphasis on government incentive, fiscal support policy to promote the development of the PV industry. Regional governments pay more attention to the photovoltaic power grid problem, which provides a great deal of grid support. Currently, compared with the national-level policy, the regional policy focuses more on the establishment and improvement the industrial standard system. provides a great deal of grid support. Currently, compared with the national-level policy, the regional policy focuses more on the establishment and improvement the industrial standard system. 
Evolution of Policy Types
As Table 1 shows, most of the 307 policies examined were promulgated in the form of low-level notices, opinions, and measures. The value assigned to these policies is 1 and the quantity is relatively large; in contrast, the quantity of higher assignment policies is relatively small. This reflects a lack of authority in China's PV industry policies. The development of China's PV industry is immature. The government has adopted a large number of low-level, low-strength supporting measures, while the industry lacks powerful specification and supervision measures. Thus, these policy measures have failed to achieve the desired implementation effect. Note that the figures in parentheses are the number of regional policy.
Evolution of Policy Strength
Evolution of National-Level Policy Strength
The PV industry policy measures not only affect the industry in the promulgation year, but also have an accumulative effect until they are repealed. Therefore, as described in Section 3.3, the strength of the PV industry policies was based on the issued strength and the enforcement strength.
As Figure 4 shows, the average number of China's PV industry national-level policies issued per year was 1.4 items from 1995 to 2004, but was zero in some years. It can be seen that the issuing of China's PV industry policy lacks continuity, which is related to the background of the reform of government institutions during the study period. Since 2005, the government has gradually attached importance to the development of the PV industry, and the number of PV industry policies issued by relevant institutions has been growing rapidly, especially from 2007 to 2009 and from 2012 to 2016. In 2005, the government promulgated the 'Renewable Energy Law of the People's Republic of China', which provides the relevant legal basis for the development of the PV industry in China. On this basis, the number of guidance, supporting, specification, and supervision policies has grown rapidly, and the PV industry has developed rapidly. 
Evolution of Policy Types
Evolution of Policy Strength
Evolution of National-Level Policy Strength
The PV industry policy measures not only affect the industry in the promulgation year, but also have an accumulative effect until they are repealed. Therefore, as described in Section 3.1.3, the strength of the PV industry policies was based on the issued strength and the enforcement strength.
As Figure 4 shows, the average number of China's PV industry national-level policies issued per year was 1.4 items from 1995 to 2004, but was zero in some years. It can be seen that the issuing of China's PV industry policy lacks continuity, which is related to the background of the reform of government institutions during the study period. Since 2005, the government has gradually attached importance to the development of the PV industry, and the number of PV industry policies issued by relevant institutions has been growing rapidly, especially from 2007 to 2009 and from 2012 to 2016. In 2005, the government promulgated the 'Renewable Energy Law of the People's Republic of China', which provides the relevant legal basis for the development of the PV industry in China. On this basis, the number of guidance, supporting, specification, and supervision policies has grown rapidly, and the PV industry has developed rapidly. In 2011, China's PV industry suffered from the anti-dumping and countervailing trade policies of Europe and the USA. To cope with the impacts of the international market, the government promulgated a series of policies, such as the feed-in tariff and distributed PV power generation policy, to stimulate the domestic PV applications market. Furthermore, in the 'Paris Agreement' of 2015, the Chinese government pledged that the proportion of non-fossil fuels used in China will increase to 20% in 2030, and that China will pay more attention to the utilization of renewable energy, especially solar energy. This agreement will accelerate the promulgation of PV industry policies in China.
The strength of China's PV industry national-level policy is also increasing ( Figure 5 ). China's PV industry only began in the ten years from 1995 to 2004. In this period, the government did not consider solar PV energy as an important strategic resource to develop and utilize. Rather, the Chinese government was just trying to learn from foreign experience, and the issued strength and enforcement strength of PV industry national-level policy were both low. Since 2005, the government has paid considerable attention to the development of the PV industry. The competent departments of the PV industry (such as the NEA and the NDRC), promulgated a series of policies to promote the development of the photovoltaic industry. The number of policies promulgated has steadily increased; meanwhile, the issued strength and enforcement strength of PV industry national-level policy has remained in a rapid uptrend. In 2011, China's PV industry suffered from the anti-dumping and countervailing trade policies of Europe and the USA. To cope with the impacts of the international market, the government promulgated a series of policies, such as the feed-in tariff and distributed PV power generation policy, to stimulate the domestic PV applications market. Furthermore, in the 'Paris Agreement' of 2015, the Chinese government pledged that the proportion of non-fossil fuels used in China will increase to 20% in 2030, and that China will pay more attention to the utilization of renewable energy, especially solar energy. This agreement will accelerate the promulgation of PV industry policies in China.
The strength of China's PV industry national-level policy is also increasing ( Figure 5 ). China's PV industry only began in the ten years from 1995 to 2004. In this period, the government did not consider solar PV energy as an important strategic resource to develop and utilize. Rather, the Chinese government was just trying to learn from foreign experience, and the issued strength and enforcement strength of PV industry national-level policy were both low. Since 2005, the government has paid considerable attention to the development of the PV industry. The competent departments of the PV industry (such as the NEA and the NDRC), promulgated a series of policies to promote the development of the photovoltaic industry. The number of policies promulgated has steadily increased; meanwhile, the issued strength and enforcement strength of PV industry national-level policy has remained in a rapid uptrend. 
Evolution of Regional Policy Strength
The research on the policy effectiveness in Chinese photovoltaic industry was conducted from the perspective of region distribution dimension. First, we selected the regional photovoltaic industry policy text of each province. Second, we used the method in Section 3.1.3 to quantify the regional photovoltaic industry policy. Then, we processed the policy data to obtain the issued strength of the regional photovoltaic industry policy. Finally, we obtained the enforcement strength of the regional photovoltaic industry policy.
In order to study the enforcement strength of regional photovoltaic industry policy, the research presents the regional photovoltaic policy strength classification map ( Figure 6 ). Ranking by the regional policy enforcement strength, the top three are the Beijing-Tianjin-Hebei region, Gansu Province, and Qinghai Province. According to the policy enforcement strength of the photovoltaic industry, it is broadly divided into the following five parts:
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Evolution of Policy Issuing Departments
As Table 2 shows, the number of government agencies involved in promulgating PV industry policy in China has increased since 1994. By 2016, more than 20 agencies have become involved in the promulgation of PV industry policies, such as National People's Congress, the SC, the NDRC, the According to the regional photovoltaic policy strength classification map, the enforcement strength of regional policy presents descending trend from the northern to the southern provinces, and the similar trend from coastal provinces to inland provinces can be seen.
As Table 2 shows, the number of government agencies involved in promulgating PV industry policy in China has increased since 1994. By 2016, more than 20 agencies have become involved in the promulgation of PV industry policies, such as National People's Congress, the SC, the NDRC, the Ministry of Finance (MOF), the NEA, and the Ministry of Industry and Information Technology. Most of the PV industry policy is promulgated by the NEA, followed in order by the NDRC and the MOF. The NEA and NDRC are the planning agencies for the PV industry, and are responsible for the development planning and strategy of the industry. The MOF is the capital guarantor for industrial development, and (as a ministerial department) shows that government pays much attention to the development of PV industry from the strategic planning perspective, giving the industry rich financial support. In terms of the regional policy issued departments, the provincial Development and Reform Commission and the provincial government are the main policy-issuing departments. The Construction Committee, Finance Bureau, and Price Bureau help guide the development of the photovoltaic industry. Table 2 . Policy-issuing departments and the number of policies issued by the department.
Apartment
Number of Issued Policies Apartment Number of Issued Policies
National-level policy department
Regional policy department The Ministry of Housing and Urban-Rural Development (MOHURD) first participated in the promulgation of PV industry policy in 2005. In 2009 MOHURD, in 'Implementation Opinions on accelerating the construction of applications of solar photovoltaic in buildings', mentioned several actions for solving the shortage of domestic application of photoelectric products and photovoltaic grid-connecting problems. These actions included organizing a demonstration project of a photoelectric building application, implementing the 'solar roofs plan', and actively promoting the PV building demonstration. The combination of PV power generation and building energy conservation is the future development direction of the PV industry, and MOHURD will play an important role in its development. In 2015, the Ministry of Land and Resources issued a 'Notice on control indicators of photovoltaic power station project land' that compiled a standard for PV power generation project land. The Ministry also proposed that project construction should give priority to the use of advanced-technology and high-efficiency PV modules, improve land-use efficiency, and standardize the construction of PV power stations. In 2015, the State Forestry Administration issued the 'Notice on issues of the use of forest land in the construction of photovoltaic power stations', which stated that the construction of PV power stations should use forest land legally to avoid the destruction of ecological resources.
Over time, more agencies have become involved in promulgating PV industry policy. The agencies are not restricted to several competent authorities, because more related agencies have become involved in the construction of the PV industry. On the one hand, the diversity of policy-issuing authorities shows that the Chinese government is paying more attention and trying to promote the rapid development of China's PV industry by various forces. On the other hand, this diversity reflects that, in the process of rapid development, problems of the PV industry are not being taken seriously and solved in a coordinated and timely way. The competent authorities are unable to solve the problems independently and need the help of related agencies for a comprehensive solution.
Evaluation of the Effect of Polices
To determine the contribution of PV industry policy on PV installed capacity, we made a regression analysis to the four dimensions (policy measures, policy types, policy strength, and policy issuing department) and ignoring the study of the constant term. The policy strength of the photovoltaic industry includes national-level policy strength and regional policy strength. The regional policy strength will be given the weight on the proportion of the regional PV installed capacity in the China's PV installed capacity. The regression results are shown in Tables 3-6. As shown in Table 3 , four major types of PV industry policy measures and the development of the PV industry have positive correlation, but the effect of each is different. In the guidance measures, government incentive have a significant positive correlation with the development of the industry, but government incentive (4.583) with real function is more effective than green development (1.679). Among supporting measures, grid support can best promote the development of the PV industry, followed by fiscal support and information support. The effects of financial support, technical support, and project support policies are not satisfactory. The unsatisfactory effect of these policies is related to the late start of each policy; thus, the policies need to be further strengthened and improved. Among specification measures, operation specifications and technical specifications have significant positive correlation with the development of China's PV industry. These results show that strengthening the internal specifications of the PV industry is very important, in addition to strengthening external incentive measures such as grid support. Among supervision measures, quality supervision policies and operation supervision policies (but especially the latter) have positive correlations with the development of China's PV industry. These findings further indicate that the internal specification, supervision, and management of the PV industry are core aspects of the PV industry and crucial to its development.
Results presented in Table 4 show that the three policy types have positive correlation with the development of China's PV industry, but their effects differ. Although the highest-level policy type is a law, it is not the most effective; rather, the most effective form of policy is the minimum-level notice. These findings could be because the government has adopted more moderate policy combinations. In addition, the policy issuing departments should promulgate the more authoritative PV industry policies (such as interim regulations, opinions, and planning of the State Council and regulations of the ministries) (1.381), and attempt to avoid issuing the less-serious industrial policies (such as opinions, outlines, planning, measures, and interim provisions) (0.245). The current status of policy types for the Chinese PV industry is related to the immaturity of the industry. The promulgation of the Renewable Energy Law and other related laws provides legal supports for the development of the PV industry in China, but did not match the rapid development of the industry; yet, this law did not have the greatest effectiveness among the policies examined. Thus, it is particularly important to accelerate the formulation of relevant laws for China's photovoltaic industry.
The regression results of policy strength shown in Table 5 are similar to those for policy measures shown in Table 3 . The similarity occurs because policy measures and policy strength are closely related, and a non-zero value for a policy measure automatically results in a non-zero value for policy strength. Among policy measures, those for fiscal support, technical specifications and operation supervision have positive correlation with the development of the PV industry in China. However, from the regression results of policy strength, the effects of grid supports and operation specifications have not reached their anticipated importance. Unilaterally increasing grid support and operation specification policies cannot achieve the desired incentive effect. In addition, the regression coefficient of operation specifications and is particularly low. These results indicate that the departments involved in issuing PV policy have no incentive to promote operation specification (0.746), especially in terms of increasing the level of government encouragement (1.972). Policies for China's PV industry are promulgated frequently, but specification policies often are not implemented, nor do they achieve the expected goal. As a result, the implementation of gird support, specification, and supervision policies for China's PV industry is slow.
The regression results regarding policy departments are presented in Table 6 , and show that the PV industry policies promulgated by various departments have positive correlation with the development of PV industry. However, the NDRC, as the competent and supervision department of the PV industry, did not have significant correlation with the development of the PV industry; in fact, their performance was even worse than that of the MOHURD, State Forestry Administration, Ministry of Commerce, and other less important functional departments. In the future promulgation process of PV industry policies, the SC should focus on setting the tone of the policies. Furthermore, as a communication bridge between the SC and the NEA, the NDRC should strengthen its power, control the promulgation of policies, and exercise further macro-control over the development of the entire industry. The reorganized NEA should implement specific measures to promote the development of the PV industry, and be responsible for the SC and the NDRC.
Conclusions and Policy Implications
Conclusions
In recent years, China's PV industry has developed rapidly, and the number of PV industry policies has increased obviously. However, relevant research on the historical evolution and effect evaluation of PV industry policy is lacking. We designed an evaluation system for China's PV industry policy, classifying and quantifying 307 photovoltaic industry policies issued from 1994 to 2016. The policies were investigated from four dimensions: policy measures, policy types, policy strength, and policy issuing departments. Based on this evaluation framework, the historical evolution and realistic effect of the policies were examined. The research supports the following conclusions.
From an evolution perspective, China's PV industry policy is broadly divided into three stages. Currently, grid support, operations specification and operation supervision are the main policy measures and low-level notifications are the main type of policy. The issued strength of policies is generally low. The enforcement strength of regional policy presents descending trend from the northern to the southern provinces and the similar trend from coastal provinces to inland provinces. The main policy issuing departments are the SC, the NDRC, and the NEA.
Regarding the effect of policy, of the 14 policy measures examined, only ten have positive correlations. The other policy measures are not yet mature and have no positive correlation. The policy for grid support, operations specification, and technical specification has significant positive correlation with the PV industry. All the policy departments have a positive correlation with the development of the PV industry. The most effective policy types are the sector-specific notices and announcements, and the best policy-issuing department is the NEA. In contrast, the issued effect of policies from the NDRC is not satisfactory. The issued strength of policy for grid support, operation specification, and operation supervision has a positive correlation with the development of the industry, but has not achieved the desired effect.
Policy Implications
According to the research results, the following aspects of PV industry policy should be improved.
(1) Cohesion between sectoral policies should be improved, the linkage of policies strengthened, policy-making among different departments coordinated, and complementarity of policies among different departments and levels increased. Meanwhile, the implementation of PV industry policy should have specific expectations. The authority should carry out systematic and prospective planning for the development of the PV industry from the perspective of a national strategy, then formulate feasible PV industry policies, and be effective in policy implementation and supervision.
(2) Grid support, operation specification, and operation supervision policies should be further improved. First, photovoltaic grid support should be promoted, solving the difficulties in the photovoltaic grid-connected system, and accelerating the pace with which the photovoltaic power network is developed. According to the proximity consumption principle, the implementation of renewable energy power generation should adhere to the requirements of full indemnificatory acquisition, complete PV power consumption work well, and prioritize the indemnificatory acquisition of power. Learning from foreign experiences, a mandatory market share system should be established and legislation, such as the Feed-in Tariff Law, should be enacted to ensure the utilization of renewable energy and implementation of PV power full indemnificatory acquisition. In addition, families and enterprises should be encouraged to invest in the PV power generation industry, promoting the diversified development of distributed PV applications, improving the tariff acquisition subsidy mechanism, and increasing people's positivity for investment in PV power generation. Second, the development of a standards and specification system should be accelerated, establishing a complete standards system for the PV industry, including public service platforms for testing and certification, as well as empirical research bases for PV applications. Meanwhile, attention must be paid to the internal specification, supervision and management of the PV industry so as to prevent the related policies from becoming a formality.
(3) The amendment-of-subsidy mechanism should be strengthened. At present, China's funding of renewable energy has a large gap, and the subsidies for PV power stations are seriously in arrears. The Chinese government should expand the sources of special subsidy funds for renewable energy, develop an innovative subsidy mechanism for PV power generation, and establish a green certificate trading mechanism. Meanwhile, to enhance the competitiveness of the PV industry, policies for scientific research (such as increasing deductions for research and development expenditure and establishing research and development funds) should be formulated to support key technology research of the PV industry.
(4) China's financial support, information support and personnel training policy measures are not mature; the formulation and implementation of financial and information support policies should be accelerated. The PV industry generally faces a financing problem, and it is difficult for the traditional financial support model to solve the financing needs of PV industry. The industry and government need to develop an innovative financing mode to break through the financing bottleneck. In addition, the Chinese government has too few information support policies. To reduce and avoid information asymmetry in the development of the PV industry, the government must strengthen information support and establish an information-sharing mechanism to help enterprises obtain the latest information and promote the healthy development of the PV industry. In addition, the government needs to strengthen the formulation of personnel training policies on the basis of talent introduction, supporting the training of high-level professional technology and management personnel and setting up relevant research teams.
(5) The global competitive advantages of China's PV industry should be accelerated. To cope with challenging international trade policies such as the anti-dumping and countervailing duties imposed in Europe and the USA, the Chinese government needs to increase the demand for the domestic PV market and promote the merger, reorganization and resource integration of the PV industry. The government also needs to conscientiously implement the national 'The Belt and Road' strategy and actively explore overseas emerging markets in South America, South Africa, and other countries, thereby promoting the diversification of China's PV market and enhancing the global competitive advantage of China's PV industry. At the same time, China's PV enterprises should be guided in investing overseas, actively promoting overseas mergers and acquisitions, and encouraging the establishment of PV manufacturing industry parks and capacity demonstration bases in the major PV markets, thus achieving industrial agglomeration and resource integration.
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Appendix A Table A1 . Classification of policy strength for China's photovoltaic (PV) industry policies.
Value Strength Description of 'Guidance Measures'
Government incentive 5 Formulate issue-specific preferential policies for the development of the solar PV industry.
4
Take coercive measures such as market share policy to develop the PV industry. 
Green development 5
Implement the 'Renewable Energy Law' conscientiously and formulate relevant supporting policies and regulations; Photovoltaic enterprises and projects should comply with laws and regulations such as environmental conservation, energy-saving management; Photovoltaic manufacturing and power generation projects implement the environmental impact assessment system.
4
Take green development as a national sustainable development strategy in the photovoltaic industry-related policies; encourage taking the use of solar energy into energy-development, energy-saving and emission-reduction planning.
3 Promote green development in policy, pay attention to the environmental benefits of solar energy utilization, and encourage (through policy) projects to acquire the relevant green testing certification during construction.
2 Pay attention to environmental problems in the construction process of photovoltaic manufacturing and power generation projects.
1 Mention green development in policy.
Value Strength description of 'supporting measures'
Financial support 5 Satisfy two or more of the following financial value items: 2, 3, 4.
4
The policy stipulates that financial institutions provide low interest loans and preferential loans to PV equipment manufacturers, PV power stations or PV power generation projects.
3 Government or social capital provides guaranteed loans to the PV industry.
2 For PV enterprises, PV power plants or PV projects broaden financing channels and develop innovative financial services such as stocks, bonds, funds and private investments.
1
Mention support for development of the PV industry using financial measures. 4 Acquire the full grid-connected power of renewable energy generation projects within the coverage of power grid enterprises.
3
Set up the subregional benchmark feed-in tariff at PV power stations and establish a subsidy standard for photovoltaic power generation, and a subsidy for PV price, to assure the difference between the average cost of conventional energy and the value added in the sale price is shared by the whole society. 
4
Photovoltaic power plant projects need to comply with the technical standard of grid access of photovoltaic power stations; Photovoltaic devices and products must be evaluated by the national inspection and certification institution.
3
The construction of photovoltaic standards system and the improvement of the industry standards system.
2
The related technical standards of the PV industry.
1 Mention the establishment of relevant technical standards for PV equipment or PV power stations.
Product specification 5
Satisfy two or more of the following product value items: 2, 3, 4.
4
The access conditions for the PV product market and the specification of the PV manufacturing industry.
3 Information disclosure of the PV products market, and limits on the capacity of PV manufacturing projects.
2 Quality specifications, and improve product quality.
1 Mention the specification of PV product quality and the PV product manufacturing market.
Value Strength description of 'supervision measures'
Quality supervision 5 Satisfy two or more of the following quality value items: 2, 3, 4.
4 Set up relevant departments and committees for solar PV products to carry out product quality supervision and inspections of businesses.
3
Regularly organize relevant departments to carry out technological quality inspection of PV market products, and focus on examining key technological functions and product quality of PV products.
2
Establish an excellent quality supervision system and an effective quality supervision mechanism, strengthen the quality supervision and management of PV project construction.
1 Mention the quality supervision of PV market products.
Operation supervision 5
Satisfy two or more of the following operation value items: 2, 3, 4.
4 Establish a renewable energy project information system, and monitor the construction and operation of PV power plant projects in various regions; establish an industrial monitoring and evaluation system.
3
Supervise and research the consumptive situation of the grid access, abandoned power, and electricity subsidy settlements.
2 Implement information sharing of PV power generation project management and supervision, and strengthen the operation supervision of PV power generation.
1 Mention the operation supervision of PV power generation. 
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